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Production ofbioethanol from lignocellulosic biomass piques the interest of many scientists due to the depleting crude oil 
supplies and the land competition of food versus fuel due to the production of bioethanol from food crops such as corns 
and sugar canes. Sago hampas, which can be found abundantly in Malaysia, has been proven to be able to produce 
bioethanol. Nitrogen sources are important in bioethanol production whereby adequate amount is able to boost yeast 
growth and producing higher amount of bioethanol in shorter time. Researches have been conducted and it was found 
that yeast extract and peptone yield the highest amount ofbioethanol. However, they are expensive. Hence in this study, 
the effects of ammonium sulfate (1.8 giL) and urea (0.8 giL) on the bioethanol yield and glucose consumption is 
analysed in order to detennine which nitrogen source can best replace yeast extract and peptone in low-cost production of 
bioethanol. Sago hampas (7% w/v) was treated with enzymatic hydrolysis for 3 cycles in order to maximise glucose 
concentration in the sago hampas hydrolysate (SHH). The SHH obtained were fermented by using Saccharomyces 
cerevisiae in a 250 mL Erlenmeyer flask with a working volume of 100 mL. The fennentation media were prepared in 
triplicates for each of the nitrogen sources. The experiment was conducted via batch fennentation with initial pH 5.5-5.6 
at 30°C and 100 rpm. The results showed that ammonium sulfate produced slightly higher amount of bioethanol 
compared to urea. However, since urea's bioethanol yield was almost similar to ammonium sulfate's and the price of urea 
is cheaper than the price of ammonium sulfate, the best nitrogen source to replace yeast extract and peptone is urea, in 
order to produce low-cost bioethanol. 
Key words: Bioethanol, sago ham pas hydrolysate (SHH), nitrogen sources, urea, ammonium sulfate 
ABSTRAK 
Penghasilan bioelhanol daripada bahan lignoselulosik, menarik minal para saini is disebabkan bekalan mil/yak menlah 
yang semakin berkurangan dan juga persaingan mendapalkan tanah anlara makanan dan bahan bakar yang disebabkan 
oleh penghasilan bioetanol daripada lanaman makanan seperli jagung dan lebu. Hampas sagu, yang boleh didapali 
dalam kuanlili yang banyak di Malaysia, lerbllkti mampllllntllk menghasilkan bioelanol. SlImber nitrogen adalah pen ling 
dalam penghasilan bioelanol di mana kuanlili yang secllkllpnya boleh merangsang perillmbllhan yis dan menghasilkan 
bioelanol dalam kllanliti yang linggi pada masa yang singkal. Kajian mendapali ekslrak yis dan peplon menghasilkan 
kepekaran bioethanol yang paling linggi. Walaubagaimanaplln, kedlla-dlla sumber nilrogen ini adalah mahal. Maka, 
dalam kajian ini, kesan amonium slllfale (1.8 giL) dan urea (0.8 giL) ke alas penggllnaan glukosa dan penghasilan 
bioelanol dianalisa un/uk mengelahui sllmber nilrogen manakah yang boleh mengganlikan ekslrak yis dan peplon dalam 
penghasilan bioelanol kos rendah. Hampas sagu (7% wlv) dirawal dengan hidrolisis enzaim sebanyak 3 pllsingan unlllk 
memaksimakan kepekalan glukosa dalam hidrolisal hampas sagll (HHS). HHS yang diperolehi di(ermenlasi dengan 
Saccharomyces cerevisiae dalam kelalang kon 250 mL yang mengandllngi isipadu kerja sebanyak 100 mL. Medillm 
fermentasi disediakan dalam 3 replika IInluk seliap sumber nilrogen. Eksperimen dijalankan dengan kaedah jermentasi 
kelompok dengan pH awaI5.5-5.6 pada suhu 3(/'C dan 100 rpm. KepuIIIsan yang didapali menunjukkan amonium su((al 
menghasilkan bioelanol yang lebih linggi daripada urea. Namun, memandangkan hasil bioelhanol urea hampir 
menyamai hasil bioelanol amonillm su((al, dan harga pasaran IIrea juga lebih murah berbanding harga pasaran 
amonillm sulfal, sllmber nilrogen yang lerbaik unlllk mengganlikan ekslrak yis dan peplon ialah IIrea. unlllk 
menghasilkan bioelanol kos rendah. 




According to Wyman, (1996), the current primary source of energy is fossil fuels, whose 
combustion gives rise to electric power and transportation sector. However, its combustion 
also releases carbon dioxide (C02), which is the prime contributor to the global climate 
change and other negative environmental consequences. The search for renewable 
transportation biofuels such as bioethanol has been encouraged due to these negative 
impacts (Hill et aI., 2006). Bioethanol is obtained from ethanolic fermentation of sucrose 
or simple sugars, which are produced from biomass via process of hydrolysis (Demirbas, 
2007). Adnan et al. (2014), stated that bioethanol's nature, as a renewable bio-based 
resource is why it is regarded as a substitute to fossil fuels. Apart from that, it is also 
because it has the potential in reducing particulate emissions. Food crops such as com, 
sugarcane, wheat and soy are the current major source ofbioethanol production. 
Countries worldwide are now directing their attention towards renewable sources for 
power production because of depleting crude oil supplies (Sarkar et al., 2012). Together 
with the fact that there has been a rising demand on fossil fuel for energy and instability in 
oil prices, this has piqued an interest in the potential production of bioethanol from 
renewable sources such as lignocellulosic biomass (Vincent et al., 2015). According to 
Tahezadeh & Karimi (2007), the compositions of lignocellulose are cellulose, 
hemicellulose, lignin, extractives and several inorganic materials. 
Sago hampas is one of the lignocellulosic biomass used for the production of bioethanol 
nowadays. Bujang (2008) mentioned that sago palm is the world's highest starch producer 
with one sago mill producing around 25 tons of starch per day, producing a lot of sago 
effiuent. Hence, the use of sago hampas in bioethanol production can lessen environmental 
pollution. 
Nitrogen is needed as nutrient source for the yeast Saccharomyces cerevisiae. According to 
Sridee et al. (201l), assimilable nitrogen can be gained from urea, ammonium ion, yeast 
extract and peptone. Adequate amount of nitrogen can cause a boost in ,growth and 
feasibility of yeast and rate of sugar utilization, and reduce the duration of fermentation. 
Previous study done by Sridee et al. (20 II) also found that yeast extract and peptone are 
the best nitrogen supplement in order to produce higher amount of bioethanol. However, 
these nitrogen sources are expensive (Chan-u-tit et al., 2013). Hence, in this study, urea 
and ammonium sulfate were used to replace yeast extract and peptone. Since the amount of 
nitrogen ion is different in urea and ammonium sulfate, the concentrations of urea and 
ammonium sulfate are varied, which are 0.8 giL and 1.8 giL respectively, where each 
nitrogen source contained 0.37 g nitrogen. This is based on a research done by Ingledew et 
al. (1999) that stated that 0.37 g nitrogen in I litre of fermentation medium is enough for 
the growth of yeast to produce optimum concentration ofbioethanol. 
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The aims of this study are: 
1. 	 To compare ammonium sulfate and urea as nitrogen source for bioethanol production 
using sago hampas hydrolysate at 60 gil. 
2. 	 To determine the correlation of yeast growth profile and glucose concentration with 
bioethanol production using two different low-cost nitrogen sources. 
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2.0 Literature Review 
is "fennentation alcohol. That is, it refers to ethyl alcohol produced by 
process, as opposed to synthetically produced ethanol from 
sources" (Walker, 2010, p. 8). Prasad et al. (2006) mentioned that, 
lignocellulosic materials like crop residues, grasses, sawdust, and industrial wastes are 
some of the possible sources for low cost ethanol production and over the last twenty 
years, widespread research on converting lignocellulosic materials to ethanol production 
has been conducted. There are three major steps involved in the production of ethanol from 
lignocellulosic materials, which are pretreatment, hydrolysis and fennentation (Maitan­
Bioethanol is a great alternative to replace fossil fuel in transportation. This is because it 
can make the engine run more efficiently due to the higher-octane value, lower cetane 
number, and high heat of vapourisation. However, at low surrounding temperature; during 
winter for instance, it is inconvenient to start the engine due to its low vapour pressure 
ansd single boiling point. Hence, in the application of bioethanol as transportation fuel, it is 
crucial to blend it with fuels that have higher calorific values such as gasoline (44.8 - 46.9 





Alfenas et aI., 2015). 
2.2 Application of Bioethanol 
States of America (USA), bioethanol has been widely used as transportation fuel by 
mixing it with gasoline. There are 3 type of bioethanol available in the USA namely E 1 0 
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(1 0% ethanol, 90% gasoline), E85 (85% ethanol, 15% gasoline), and E 15 (15% ethanol, 
85% gasoline) (Alternative Fuels Data Center, n.d.). 
2.3 Lignocellulosic Waste 
According to Maitan-Alfenas, et al. (2015), any forestry, agricultural, agro-industrial, and 
food wastes that can be found in ample amount, renewable, and economical energy sources 
are considered as lignocellulosic waste. Examples of lignocellulosic wastes are sugarcane 
bagasse, sago hampas, rice straw and sweet sorghum bagasse. Lignocellulosic biomass 
consists of 40-50% of cellulose and 25-30% of hemicellulose, which are carbohydrate 
polymers, 15-25% of lignin which is an aromatic polymer, and 5-10% are other substances 
such as ash and extractives (US Department of Energy, 2014). Second generation 
bioethanol which is bioethanol produced from lignocellulosic waste is a better substitute 
for the depleting crude oil reserve compared to the first generation bioethanol, which is 
bioethanol produced from food crops such as sugarcane and maize. This is because 
producing bioethanol from food crops creates a competition for land between food crops 





2.4 Sago Hampas 
Sago palm (Metroxylon sagu) is a species under the genus Metroxylon belonging to the 
Palmae family (Awg-Adeni et aI. , 2010). Mukah, a district in Sarawak, is the world's first 
large-scale commercial sago plantation, comprising 75% of the whole plantation area in 
Malaysia (Bujang, 2010). Sago hampas is a starchy lignocellulosic by-product produced after 
starch extraction from sago palm pith. (Awg-Adeni et aI., 2010). Sago pith residue or sago 
hampas is one of the most plentiful and cheap lignocellulosic biomass, which can function as 
a substitute substrate for the production of fermentable sugars. Sago hampas contains 58% 
starch, 23% cellulose, 9.2% hemicellulose and 3.9% lignin when dry (Linggang et aI., 2012). 
Bujang (2015) reported that the starch composition in sago hampas ranges from 30-70% and 
the difference of starch composition in sago hampas depends on the techniques used and 
efficiency of starch extraction of the sago-processing mill. Considering the large area of sago 
palm plantation and the high amount of starch in the sago hampas, it has a potential to be the 
major source for second-generation bioethanol production in Sarawak. Besides, using sago 
hampas could also tackle the problem of environmental pollutions since every day, 
approximately 7 tons of sago ham pas is discharged into nearby streams from one sago starch­






2.5 Enzymatic Hydrolysis of Starch 
LignoceUulose can be converted into simple sugars via hydrolysis either enzymatically or 
chemically. However, enzymatic hydrolysis is more preferred because the process needs 
energy and temperate environment condition and fewer fermentation inhibitor 
products are produced compared to chemical hydrolysis (Maitan-Alfenas et aI., 2015). 
Yang el at. (201l) stated that enzymatic hydrolysis is a multi-step heterogeneous process. 
The high amount of starch in the sago hampas can be used as carbon source for the yeast in 
the fennentation process by converting it into simple sugars via enzymatic hydrolysis 
using certain enzymes (Jenol et aI. , 2014). Enzymatic hydrolysis typically involves 3 
stages, namely; gelatinization, liquefaction and saccharification. A viscous suspension are 
formed during gelatinization, which will then be liquefied due to the breakdown of starch 
into dextrins by the addition of a-amylase enzyme which partially hydrolyses the a-l,4 
in starch. Then the remaining a-l,4 bonds are further hydrolysed in saccharification 
process together with the a-I ,6 bonds to convert dextrins into glucose by the aid of 
enzyme glucoamylase (Borglum, 1980). 
2.6 Baker's Yeast (Saccharomyces cerevisiae) 
to Walker (1998), yeasts are unicellular fungi. S. cerevisiae, is the most 
common yeast used in fermentation. Laopaiboon ef al. (2009) found that the isolated S. 
cerevisiae NPOI from Long-pang (Chinese yeast cake) for Sato (Thai rice wine) making 
was a high-ethanol-producing strain under very high gravity (VHG) condition. Under both 
aerobic and anaerobic conditions, S. cerevisiae is capable in converting glucose to ethanol 
and requires nitrogen for its growth and multiplication (Luque ef aI. , 2011). 
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2.7 Nitrogen Sources 
Assimilable nitrogen partakes a substantial role in fermentation process and hence, is an 
essential component of fermentation media .. Ethanol tolerance of the yeast and the rate of 
ethanol production are also influenced by nitrogen (Bafmcova et a/. , 1999). The rate of 
fennentation accelerated when assimilable nitrogen is added, according to Jones & 
Ingledew (1994). Jones & Ingledew (1994) also stated that urea (CH4N20) can be used as 
nitrogen source in ethanolic fermentation. Currently, urea is the most economically 
attractive for the industrial production of ethanol since it is .the most low-cost compared to 
other nitrogen source. Besides urea, ammonium ion in the form of ammonium sulfate 
[(NH4hS04] can be used too (Yacob, 2013). 
However, compared to urea and ammonium sulfate, peptone and yeast extract shows more 
positive results as nitrogen sources, according to some research (Sridee et a/. , 20 II). 
Amino acids and pep tides are important building blocks of the cell. Since yeast extract 
contain mostly peptides, amino acids and vitamins, which are very beneficial in 
fermentation, hence yeast extract is the best nitrogen source compared to the others. Even 
so, according to Chan-u-tit et a/. (2013), yeast extract is not suitable for regular use in the 




Fermentation is defined as the process of yielding alcohol or lactic acid from glucose 
(C6H I206) (Lee, 2001). During the fermentation process, 1 mole of sugar unit is able to 
yield two moles of carbon dioxide (C02) and two moles of ethanol (Luque et al., 2011). 
Fermentation can either occur chronologically or simultaneously with hydrolysis (Maitan-
Alfenas et aI. , 2015). There are three types of fermentation processes namely, batch, fed-
batch and continuous fermentation. In batch operation, all materials used in the bioreaction 
are fed to the processing vessel at the beginning of the process. There will be no 
supplementation and extraction of materials happening throughout the entire batch 
fermentation. However, in fed-batch fermentation, substrate is added according to a fixed 
feeding profile as the fermentation proceeds, while equal amount of nutrient solution and 
converted nutrient solution will be continuously added and taken out of the open system 
which is the continuous fermentation (Pandey ef aI. , 2011; Lei et aI., 2006). Throughout 
this study, the fermentation will be carried out in batch process. 
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3.0 Materials and Methods 
3.1 Materials 
3.1.1 Sago Hampas 
Sago 'hampas' was collected from Ubom Sago Mill Sdn. Bhd., Mukah in dry condition 
and ground in order to get it in powder form. 
3.1.2 Monopotassium phosphate (KH2P04) 
Monopotassium phosphate (KH2P04) that was used to make a buffer of pH 4, was supplied 
by Analar NORMAPUR. 
3.1.3 Enzymes 
Liquozymes and Spirizyme Fuel HS supplied by Novozymes Biomass Kit, Denmark was 
added into the sago hampas suspension through liquefaction and saccharification stages 
respectively. 
3.1.4 Yeast (Saccharomyces cerev;s;ae) 
Yeast (Saccharomyces cerevisiae) that was used in this research was obtained from the 
minimarket, supplied by Mauripan Baking Industry, Australia. 
10 
3.1.5 Nitrogen sources 
Ammonium sulphate [(N~)2S04] and urea (C~N20) supplied by Sigma Brand Company 
was used as nitrogen sources in this study. 
3.2 Methods 
3.2.1 Preparation of ground sago hampas 
The dried sago hampas obtained from Ubom Sago Mill in Mukah was ground by using a 
grinder to obtain sago hampas in powder form (Figure 2). 
Figure 2 Dried sago hampas after being ground 
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3.2.2 Enymatic hydrolysis of starch in sago hampas 
Sago hampas suspension (7% w/v) (Figure 3) was prepared in 0.1 M monopotassium 
phosphate (KH2P04) buffer solution at pH 4 by adding 70 g of sago hampas to the 1 L 
KH2P04buffer. The suspension was gelatinized using water bath method at approximately 
85-90°C for 30 min before adding 140 Jl.L liquozyme into it. Next, the mixture was stirred 
continuously while being heated for another 15 min to ensure the mixture was well mixed. 
Then, the suspension was cooled down to 60°C and 70 Jl.L spirizyme enzyme was added 
and again, the mixture was stirred continuously while being heated for the next 30 min in 
order to guarantee the mixture mixed well. After that, the suspension was kept inside a 
60°C incubator shaker for 5 h. Subsequently, the mixture gained was filtered using 100­
mesh sieve filter to separate it from residual lignocellulosic fiber and the supernatant, or 
also known as sago hampas hydrolysate (SHH) (Figure 4) was centrifuged at 10000 rpm 
for 10 min. Afterwards, 10 mL of the SHH was extracted and analysed for glucose content. 
The hydrolysis process was repeated for 3 cycles in order to maximize the glucose 
concentration (Awg-Adeni et aI., 2012). 
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3.2.3 Preparation of inoculum and microorganisms 
Yeast malt broth (YMB) powder (39 gIL) was added into 50 mL of distilled water and 
autoclaved in order to sterilize it. Then, 0.1 g of the yeast (Mauripan) Saccaharomyces 
cerevisiae was added into the broth and incubated for 24 hours on an incubator shaker. 
Then, the yeast was streaked onto potato dextrose agar (PDA) plate (Figure 5) and 
incubated in an incubating oven for at least 24 hours before being transferred into 100mL 
inoculum media containing 20g/L glucose and 5g1L yeast extract. Prior to the transfer, the 
pH of the inoculum media must be set, at pH 5.5 - 5.6 and autoclaved. Subsequently, the 
inoculum media were subjected to incubation at ambient temperature for 9 hours on an 
incubator shaker and centrifuged at 5000 rpm for 5 minutes to gain the yeast pellet, which 
was then transferred into the fermentation media. (Vincent et aI., 2011; Awg-Adeni et aI., 
2012). 
Figure 5 Cultivated yeast (Saccharomyces cerevisiae) on potato dextrose agar (PDA) 
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